A simple method of estimating the width of a narrow spectral line with a low-resolution optical system has been proposed. The method consists of the measurement of an emission spectrum of a gaseous sample, and measurement of the amount of its attenuation caused by placing an absorption gas cell filled with the same chemical species as that emitted . If the line width of either emitting or absorption gas is known , the line width of the other can be obtained by calculation.
Introduction
At present most common infrared spectro meters have a resolution of about 0.3 cm-1, and with such spectrometers the spectral line shape can be determined only when the line is as broad as 1 cm-1.
As far as the line width is concerned, however, this can be esti mated by the use of a low-resolution optical instrument in the following manner:One first observes an apparent emission spectrum of a gaseous sample, A. Then an absorption cell which contains A is placed in the optical path, and the apparent percent transmission, t, is observed for each spectral line.
Suppose that the line profiles of both emission and absorp tion lines are known.
If, in addition, the true width of the emission line is known, then the true width of the absorption line of A can be obtained from t. If, on the other hand, the true width of the absorption line is known, the true width of the emission line of A can be derived from t. We have found that this method has a practical significance, and hence some details will be given below with a few examples. Thus, by examining t at a given total pres sure P, the width bc of the absorption line can be determined. The bc value should be a function of P. The value of a for each ab sorption line can be obtained by allotting a share of the total integrated absorption coef ficient, atotal, to each line in proportion to the Boltzmann factor of the lower level times the weight (J'+J"+1) of the transition.1) where a is the integrated absorption coefficients of the absorption line, p is the partial pressure of the absorption gas, and l is the optical path length of the absorption cell. Combining Equations (7), (8) , (9) , and (10) leads to the result in which If a, p, l and bD of the absorbing gas sam ple are all known, the bDe, value of the emit ting gas can be obtained by Equation (11) the wavenumber at the center of the emis sion lines now in question (no (ln 2)1/2 factor is needed here; bDe is the full width at 1/e height but not half width at half height which is discussed by Townes and Schawlow 2), for example). Fig. 1 shows our experimental apparatus for the self-absorption method. N__??__2 gas was pro duced through a microwave discharge cavity operated at 2405 MHz, and was into a global reaction vessel (i. d., 15 cm, coated with gold) into which CO was simultaneously introduced through a nozzle. The infrared emission from the light source is applied to excited vibra tional carbon monooxide infrared emission. scale than the scale used in Fig. 2 . The line width bc of each line can now be obtained by Equation (3) from the t value of each line.
Experimental and Method

Emission and absorption system
Here it was assumed that atotai=238.9 cm-2 atm-1; this is an average of six values given by the previous investigators 3-8).
Results and Discussions
3.1 An example of case I (The pressure broad ening of CO) The bc values thus determined of the CO absorption lines are shown in Fig. 3 and 4 . The be has been found to be a linear function of the total pressure P in the absorption cell. In addition, the pressure broadening caused by a given pressure of N2 has been found to be appreciably greater than that caused by the sample pressure of Ar. The bc value of the CO line has also been found to depend upon the J values (rotational quantum num bers) of the initial and final states of each transition.
As shown in Fig. 5 , the bc values found in our present study are in agreement with what were given by previous investiga tors. [9] [10] [11] This fact may indicate the validity of our proposed method.
An example of case II (Translational tem
perature of a CO sample) The absorption cell was filled by 0.045 torr CO and kept at 300 K. Here, each absorption line was assumed to have a Doppler width for 300 K, i. e., bD=0.00604 cm-1.
The partial pressure of CO in the emission cell was kept at 0.035 torr and that of N2 at 0.35 torr. We 12) is also given here. m is defined as follows: m=J" for P branch lines and m=j"+1 for R branch lines, where J" is the rota tional quantum number of the lower level of each transition.
moving the CO hot hand is shown in Fig. 2 . On the basis of results, the fundamental band widths of CO, which overlap with the hot bands (JR(m)=5-8, JP(m)=12-15), are smaller by about 0.02 cm-1 than the original emission bands as a result of the removal of the hot bands. J' and J" are the rotational quantum num bers respectively of the upper and lower levels of each transition.
